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Abstract--In this paper, upward propagating Magnetoacoustic waves in an ideal atmosphere are 
considered. It is shown that the magnetic field creates a nonabsorbing reflecting layer. An equation 
for the resonance is derived, which shows that resonance may occur for many values of the magnetic 
field and of the frequency if the wavelength is matched to the strength of the magnetic field. At the 
resonance frequencies the values of the magnetic and kinetic energies will increase to very large values, 
and this may account for the heating process. Consequently, for large P-plasma the mechanism for 
coronal heating will be acoustic. 
1. INTRODUCTION 
The theory of the formation of the solar chromosphere and corona has as its main challenging 
goal the specification of the nature of the solar heating mechanism. For the specification of 
the heating process many models have been formulated and analyzed (see [l-6] for references). 
One of these mechanisms is the resonance absorption of Alfven waves, which was suggested as a 
process for the heating of fusion plasma [2,3,7,8]. 
In this paper, we will study the heating of the solar corona by resonance absorption of Alfven 
waves and compute the kinetic and magnetic energies in an ideal atmosphere. It is shown that the 
magnetic field creates a nonabsorbing reflecting layer. Below it, the motion is adiabatic and the 
solution, for frequencies greater than the adiabatic cutoff frequency, can be approximated by a 
linear combination of upward and downward propagating waves. Above it, the solution will decay 
with altitude. An equation for the resonance is derived, which shows that resonance may occur 
for many values of the magnetic field and of the frequency if the wavelength is matched to the 
strength of the magnetic field. At the resonance frequencies, the kinetic and magnetic energies 
will increase to very large values, and this may contribute to the heating process. Consequently, 
for large /3-plasms the mechanism for coronal heating is acoustic. 
Finally, in the problem formulation we are able to introduce and justify the so-called “magnetic 
energy condition” in an ideal atmosphere as an upper boundary condition. 
2. STATEMENT OF THE PROBLEM 
We will consider an isothermal atmosphere, which is inviscid and thermally nonconducting, 
and occupies the upper half-space z > 0. It will be assumed that the gas is under the influence 
of a uniform horizontal magnetic field and that it has infinite electrical conductivity. We will 
investigate small oscillations about equilibrium which depend only on the time t and on the 
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vertical coordinate z. Let the equilibrium pressure, density, temperature, and the magnetic field 
strength be denoted by PO, pc, To, and Bo, where PO and To satisfy the gas law PO = RTopo 
and the hydrostatic equation Pi + gpo = 0. Here R is the gas constant, g is the acceleration of 
gravity. Then, as is well known, 
Po(.z) PO(Z) -=-= 
PO(O) PO(O) exp 7f ’ ( > (1) 
where H = RTo/g is the density scale height. 
Let p, p, w, and B denote the perturbations in the pressure, density, vertical velocity, and the 
magnetic field strength. The linearized equations of motion are: 
Pawt+pZ+gP+~BZ=o, (2) 
Pt + (PO w), = 0, (3) 
Bt+Bow, =o, (4) 
pt-gpcw+c2powt=0. (5) 
These are, respectively, the equation for the change in the vertical momentum, the mass conser- 
vation equation, the equation for the rate of change of the x-component of the magnetic field, and 
the pressure equation which is obtained from the adiabatic equation and the continuity equation, 
c = dz is the adiabatic sound speed, y is the ratio of the specific heats, and the subscripts z 
and t denote differentiations with respect to L and t, respectively. 
It is more convenient to rewrite the equations in dimensionless form: Z’ = z/H, w, = c/2H, 
w’ = w/c, w’ = w/w,, t’ = twa, a = c;p, CA = Bold- is the Alfven speed at 
z = 0, w is the frequency of the wave, and wa is the adiabatic cutoff frequency. The primes 
can be omitted, since all variables will be written in dimensionless form from now on. One can 
eliminate p, p, and B to have a equation for W(Z) only, by differentiating (2) with respect to t 
and substituting (3)-(5): 
PO (2) U(Z) - 4(Po(Z) w&))z - Q%(Z) = 0. (6) 
We will consider solutions which are harmonic in time, i.e., W(Z, t) = W(Z) exp(-iwt), then 
W(z) satisfies 
where D = &. 
4(1+ a exp(z)) D2 W(z) - 40 W(Z) + w2 W(Z) = 0, (7) 
Boundary Conditions 
To complete the formulation of the problem, certain conditions must be imposed to ensure a 
unique solution. If the atmosphere is viscous, an appropriate condition would be the dissipation 
condition, which requires the finiteness of the rate of the energy dissipation in an infinite column 
of fluid of unit cross-section. Since the dissipation function depends on the squares of the velocity 
gradients, this implies 
s 
O” jW,12d.z < cm. (8) 
0 
In our problem the atmosphere is not viscous, but the integral in (8) is proportional to the 
magnetic energy in an infinite column of fluid. This condition is a reasonable one to apply so 
long as there is no energy radiation to infinity [2], which is true in our case, and we shall call 
this condition “magnetic energy condition.” Thus we will require (8) even when the atmosphere 
is inviscid. A boundary condition is also, required at z = 0, and we shall set 
W(0) = 1 (9) 
by suitably normalizing W(Z). It will be seen that the boundary conditions (8) and (9) will 
determine a unique solution to within a multiplicative constant. 
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3. SOLUTIONS 
Equation (7) indicates that in the region where ae* < 1, the solution can be approximated 
by a properly chosen solution of 4D2 W(z) - 40 W(z) +w2 W(z) = 0. When a et > 1, D2 W(z) 
must be small and (8) implies that W(z) + constant as z + 00. These two regions are connected 
by a transition region through which cze* changes from small to large values, as a consequence 
of which none of the terms in (7) can be neglected. To solve equation (7), it is convenient to 
introduce a new independent dimensionless variable, 
x = _exp(-4 
a ’ 00) 
which transforms equation (7) into 
x (I- x) D2 + (1 - 2x) D - $ 1 W(x) = 0, (11) 
where D = & and arg(x) = 0 . For fixed value of a > 0, the point x = 0 corresponds to z = co, 
the point ~0 = -l/a to z = 0, and the segment connecting these points in the real x-plane to 
z > 0. Equation (11) is a special case of the hypergeometric equation [9] 
with c = 1, a = f + T, and b = f - T, where r = d-12 for w < 1, T = 0 for w = 1, and 
r=idm/2=ikforw>l, k is the adiabatic wave number. For 1x1 < 1 , equation (11) 
has two linearly independent solutions of the form [9, 15.5.16, 15.5.171 
Wl(X) = F(a, b, c, x)7 (13) 
O" (a)n(b)n 
W2(x) = W(xbx+ C 
n=l (nil2 
xn [T+!J(u + n) - $(a) + $~(b +n) - $(a) - 2ti(n + 1) + ti(n)l, 
(14) 
where F is the hypergeometric function. For 1x1 > 1 and 1 arg(-x)1 < T, it is convenient to 
choose the following solutions [9, 15.3.73: 
Wa(x) = (-x)-” F(a, 1 - c + a, 1 - b + a, x-l), (15) 
wb(x) = (-X)-b F(b, 1 - c + b, 1 - a + b, x-l). (16) 
We will be ruled out by the magnetic energy condition because it behaves like In x, i.e., grows 
like a linear function of z as z + 00 and the solution of equation (11) is a multiple of WI(x): 
W(x) = CWl(X) = CF(a,b,c,x), (17) 
where C is a constant which can be determined by (9) at ~0. For 1x1 > 1, I arg(-_x)I < X, and 
w # 1, the analytic continuation of W(x) can be written like [9, 15.3.71 
w(x) = c [ 
l?(c) lyb - a) 
r(b) qc - a) (-x)-” F(a, 1 - c + a, 1 - b + a, x-1) 




When w = 1, 1x1 > 1, and argl(-x)1 < 
equation (14)] 
r, the analytic continuation of W(x) is given by [5, 
TX) = c + (-xF2$ r(lr:2;2;;f;21)2 (x-“> 
x 
[ 
ln(-x) + 2$(n + 1) - $J (n+i) -@(a-n)]. (19) 
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4. RESONANCE EQUATION AND CONCLUSIONS 
For large 1x1 > 1 and 1 arg(->oI < r, the asymptotic behaviour of the solution, as Q --f 0, can 
be obtained by retaining the most significant terms in equation (18): 
w(x) = ’ [ 
rye) l?(b - u) 
r(b) I+ - g Fx)-” + r(a) r(c - b) 
r(c) r(a - b) (_x)-b] . (20) 
Upon reintroducing the original variable via (10) and using (9), one obtains 
W(z) N (1 +R)-’ exp G 
0 
[exp(iIct) + Rexp(iIcz)], (21) 
where R is the reflection coefficient defined by 
R = 
[ 
r(a - b) rv) 
r-2(u) r(b - U) 1 exp( -2i k S) = exp(i 13 - 2i Ic 6) = exp(i +), w-9 
S = In o, 8 = 2 arg r(u - b) + 4 arg I’(b) and 4 = arg(R). 
The reflection coefficient can also be determined from the function p ]W(Z)]~, which is propor- 
tional to the time average of the kinetic energy (K.E.): 
(K.E.) = p ]W(Z)]~ = 
1 + R2 + 2]R] cos[2lc (z + S) - 01 
211 + RI2 
The maximum and the minimum values of the kinetic energy with 
1+ IRI 2 
A4 = max(p]W]2) = m , m = min(plWj2) 
[ 1 
The locations of the maxima and the minima are at 
(23) 
respect to height z are 
= i- IRI 2 
[ 1 pTq+ (24) 
(25) 
Equation (23) represents a sinusoidal oscillation with wavelength of X/2, where X = 2r/k. A 
similar equation for the magnetic energy (M.E.) can be obtained from (4). Consequently, the 
conclusions obtained below concerning values of the kinetic energy could be applied just as well 
to values of magnetic energy. To put these conclusions in a more physical setting, it is convenient 
to define p = :(e)” = 2, where Pm is the magnetic pressure. 





It is clear from (22) that IRI = 1. Thus the magnetic field creates a nonabsorbing re- 
flecting layer. It is located near zi = - log(o) (i.e., cr ez N 1). Below the height z = zi, 
the motion is adiabatic, and for w > 1, the solution is a linear combination of upward 
and downward propagating waves. Above it, the solution will decay with the altitude. 
Moreover, min(M.E.) = min(K.E.) = 0 and Max(M.E.) = Max(K.E.) = l/(1 + cos$). 
As a consequence of (I) , Mex(M.E.) + Max(K.E.) + 00 if 4 = f(2n + 1) r, i.e., when 
26= [$ (n+;)] x. (26) 
We call this equation “resonance equation,” which states that the resonances may occur 
for many values of the frequency and of the magnetic field if the wavelength is matched 
with strength of the magnetic field. 
It follows from (II) that resonance will take place for ,f3 > S/7. Consequently, the mecha- 
nism for coronal heating is acoustic for large 0. 
The locations of the maxima and minima of the kinetic energy depend on 8 and 6, which 
indicates the influence of the magnetic field on the heating process, while the ratio M/m 
depends only on I RI and uniquely determines IRI. 
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Finally, we would like to indicate that the same problem has already been considered by another 
author [6]. However, his conclusions are incomplete in light of the results presented here because 
the notion of the resonance and its influence on the values of the kinetic and magnetic energies 
are not introduced. 
The present model is not proposed as a realistic model of the solar corona, although it may 
be fairly accurate over certain regions. The value of this model is as a mechanism for wave 
propagation which can be studied for arbitrary wavelengths, and a way of indentifying a formula 
for resonance phenomena in the solar atmosphere; this has been suggested as a mechanism for 
the heating of fusion plasma. 
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